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The Wang-Shelley-Arge (WSA) model of the solar wind (SW) is based on the idea that
weakly expanding coronal magnetic field tubes are associated with sources of fast SW and
vice versa. A parameter called the flux tubes expansion (FTE) is used to determine the degree
of expansion of magnetic tubes. The FTE is calculated based on the coronal magnetic field
model, usually in the potential approximation. The second input parameter for the WSA mod-
el is the distance from the base of the magnetic field line in the photosphere to the edge of the
corresponding coronal hole. These two coronal magnetic field parameters are related by an
empirical relation to the solar wind velocity near the Sun. This approach does not fully ex-
plain the mechanisms of solar wind formation. We propose to use other magnetic field pa-
rameters for modeling the solar wind, such as the length of field lines, the absolute value of
the magnetic flux at the wind source, the distance to the heliospheric current layer, and oth-
ers. To reconstruct the magnetic field structure in the corona, we use both the potential ap-
proximation (the PFSS model) and some current approximations. We analyzed a number of
possible parameters determining the solar wind velocity from observations at Kislovodsk
(STOP), Stanford (WSO), and the SDO/HMI satellite. It was found that, by omitting the use of
FTE, the correlation between the velocity of the modeled and observed SW is as good or bet-
ter than that using the standard WSA model.
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BBenenue

B macrosiiiee Bpemsi MpUHSATO CUYUTATh, YTO MEXaHU3MbBI (DOPMUPOBAHUS
conHeuHoro BeTpa (CB) cBsi3aHbl CO CTPYKTYpOH KPYyMHOMACHITAOHOTO MarHuT-
HOTO 1oJist Ha hoTocdepe U B CONHEUHOM KOopoHe. COOTBETCTBEHHO, HCCIIEIOBA-
HUSI UCTOYHUKOB M MeXaHU3MOB yckopeHus CB OCHOBBIBAIOTCS Ha TEX WM
WHBIX MOJICJIIX KOPOHAJIBHOTO MarHMUTHOIO MoJjs. B kaduecTBe BXOAHBIX Tapa-
METPOB B MOJIEJISIX COJTHEYHOW KOPOHBI UCIOIB3YIOTCS CHHONTHYECKUE KapTHI,
copMupoBaHHbI€ U3 HAOIIOIeHUN Ha MarHuTorpadax nmoiHoro aucka CoHIa.
HcTouyHnKaMyu HEBO3MYLIEHHOTO COJIHEUHOTO BETpPa CUMUTAIOTCA KOPOHAIbHBIE
neipbl (KJ[), KOTOpBhIE COOTBETCTBYIOT OoOnactsiM Ha (orocdepe ¢ OTKPHITOM
KOH(pUrypanue CUIOBBIX JUHUWA MarHUTHOTO Toiid. [Ipu ATOM OTKpBITHIMH
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CUMTAIOTCSl CUJIOBBIE JIMHUU, JOCTUTAIOUIUE MTOBEPXHOCTH MCTOUYHHMKA — TUIOTE-
TUYECKON c(hepruyecKkoi MOBEPXHOCTH, paIUyC KOTOPOH, Kak MpaBUiIO, MPUHU-

MaeTcs paBHbBIM 2.5 pagnycam Comaia (Ro).

Cornacuno moxenmu Wang-Shelley-Arge (WSA), CB pacnpocTtpansieTcst u3
K/l x moBepXHOCTH MCTOYHHMKA [0 MAarHUTHBIM TpyOkam. [Ipu 3TOM CKOpOCTH
CB Ha nOBEpXHOCTH MCTOYHMKA 3aBUCHUT OT CTEIEHU PACIIMPEHUS MAarHUTHBIX

Tpy6oK — (aktopa pacumpenust (OP): f; = R%B,(Ro)/(RZB,(Ry)), rue Bi(R,)
u B/(Ro) — pagnanbHble KOMIIOHEHTBI MATHUTHOTO TIOTOKA HAa TIOBEPXHOCTH HC-
TOYHHMKA U B OCHOBAHWHM MAarHUTHOHN TpyOku Ha doTocdepe. Bropoii mapamerp
mozaenu WSA, 6, — paccTosiHEE OT OCHOBaHUSI MarHUTHOW TPyOKH Ha (poTocde-
pe 1o kpas coorBercTByromieid K/ [1, 3]. Ckopocts CB onpezensercs U3 3MImm-
PUYECKH HAHJEHHOTO COOTHOIIICHUS:

V(f,, 0,) = 265 + (6.08 — 3.3 exp(—(8,/2.5)15))34 (1)

1.5
(1 + f,)022

Monens WSA, XoTd u sBisieTCS TPU3HAHHOM, HE JIMILIEHA HEJOCTATKOB.
Camoe Oomplnas mnpoodsiiemMa — MoOJeNIb paboTaeT HeCTAOMIBHO U B HEKOTOPBIC
MepUoAbl TOKA3bIBAET OTPHUIATEIBLHYIO KOPpEJSIui0 ¢ HaOmoaeHusmu [2]. B
3TOM paboTe MBI UcciaeayeM CBA3U Habmonaemon ckopoctu CB ¢ paznuyHbiMu
napaMeTpamMu MarHUTHOTO TOJIs, C LIEJBI0 MCIOJB30BaTh HailIeHHbIE 3aKOHO-
MepHocTH B Mojienu CB.

Metoabl nccie10BaHUS M Pe3yIbTAThI
Pacuérel mapameTpoB MarHUTHOTO TOJIS BBIONTHSUTUCH B PFSS mpubnmke-
HUU U OazupoBanuck Ha Tpéx psagax nanueix: CTOII (Kucnosoack, 2014-2022
rr.); WSO (1974-2022 rr.); SDO/HMI (2010-2022 rr.). Kpome mnapameTpos
moaen WSA BEIMHCIISITACH TaK)Ke HEKOTOPBIC APYTHE:

1. L — nauHa OTKPBITBIX CHIJIOBBIX JIMHUM Mexay gotochepoil u moBepXHO-
CTBIO UICTOYHHKA B €IMHUIIAX COJIHEYHOTO PaINycCa;

2. 0y — CpEeHUMN YroJl OTKJIOHEHUS CUJIOBBIX JIMHUM OT paguaibHOrO HampaBs-
JICHUs HA pa3HBIX JUana3oHax BBICOT, B TPaycax;

3. Bycs — KpaTuaiilliee yriioBO€ pacCTOSHUE 10 Tearoc(epHOro TOKOBOTO
CJIOs B Tpajycax;

4. AGcontoTHBIEC 3HAUEHUSI PAAHAIbHBIX KOMIIOHEHT MarHUTHOTO MOTOKAa Ha
MOBEPXHOCTU HCTOYHUKA M B OCHOBAaHMM COOTBETCTBYIOLIEH TpyOku Ha (OTO-
chepe — |Br (Ry)| u [Br (Ro)|;

5. lats, — mmMpoTa OCHOBaHMS CUIIOBBIX JIMHUI Ha oTochepe, B rpagycax.

Bce BrImIeniepedrcieHHbIe TapaMeTpbl BEIYUCISUTUCH B TIOCKOCTH JKITUII-
TUKH U COTIOCTABJISUIMCH ¢ HabmomaemMon ckopocthio CB, B3sTO# U3 6a3bl naH-
Heix OMNI2. Jlns comoctaBnenust Habmomaemas ckopocthio CB Obuta mepe-
CUHMTaHA K PETYJIIPHOW CETKE Ha MOBEPXHOCTH MCTOYHHKA B OAJUTMCTHYSCKOM
npubmmxenuu (puc. 1).

22



«Conneunas u conrneyno-zemnasn guszuxa — 2022», Cankm-Ilemep6bype, Ilyaxoeo, 3 — 1 okmsabps

5005
0.10 .
(GRS 1 —_
= 4508
= <
) 2
£ 0.051 4002
£ £
>
=
0.00 , - Al
4 6 0 20 40 20 40
Bp, rad [B-(Ra)|, G Opcs, rad

Puc. 1. ConocraBiieHue pa3IMyHbIX Map NapaMeTpOB MAarHUTHOTO MOJIS ¢ HaOIr01aeMoin
ckopoctbio CB (ACE) no nanueim CTOII (KucnoBoack) 2014-2022 rr.

N3 conocTaBiieHusi Mbl BUAUM, YTO CKOPOCTh CB MOHO, B 11€JIOM, OITUCHI-
BAaTh PA3JIMYHBIMU JIByXHAapaMETPUUECKUMH 3aBUCUMOCTSIMH. boisee mimMHHBIE
CHJIOBBIE JIMHUH, OCHOBAHUS KOTOPBIX MPEUMYILIECTBEHHO JIEKAT HA BBICOKUX
IIUPOTaX, MPUHOCAT B TUIOCKOCTh JKJIMIITUKUA OTHOCHUTEIBLHO CaObIii BeTep.
MeHnbias HanpsLKEHHOCTh MArHUTHOTO TIOJISE B OCHOBAHUM TPYOKH MPUBOAUT K
0oJiee OBICTPOMY BETPY Ha MOBEPXHOCTH MCTOYHHUKA, JIJII MarHUTHOTO TOJIS Ha
MOBEPXHOCTH UCTOYHHKA 3aBUCUMOCThL oOpaTHas. B 0061acTsax MOBEpXHOCTH HC-

TOYHHKA, CHJIBHO YAAJIEHHBIX OT TOKOBOTO CJIOs, HaOmomaeTcst ObicTphiii CB u
Ha00OPOT.

Tabéauua 1. KoapduureHTs KOppensauuu MexXy mapaMeTpaMyd MarHUTHOTO T0JI M HaOIIro-
naemoit ckopocthio CB (OMNI2) o ycpenuénnbim 3a 000poT KappruHITOHA 3HAYEHUAM.

VWSA 1/f:9 eb 1/L |Br(Rs)| 9HCS |BT(RO)|
STOP 0.459 0.212 0.529 0.522 0.367 0.396 0.209
SDO/HMI 0.280 0.056 0.418 0.274 0.279 0.155 -0.017
WSO 0.312 -0.033 0.252 0.162 0.212 -0.016 -0.011
T Vomwi ~ —— VIL,85)  —— Vwsa
5001
4501
4001
350 ,/J; RV(L, 6}, Vorinr — 0.578 ‘I‘;‘ ) ,""
RVWSA. Vs = 0574 ‘i’[
2015 2016 2017 2018 2019 2020 2021 2022

Puc. 2. IIpumep nByxmapamerpuueckoit 3aBucumoct ckopoctu CB V(L, 6p); cpaBHeHHE C
HaOII0aeMO CKOPOCTBIO VomNi B CO CKOPOCTBIO, BBIUMCIEHHOUM coriacHo moaenn WSA
Vwsa. Berarcnenus mo ycpeiHEHHBIM 32 000POT MapaMeTpam.
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UtoObl HaliTH HanboJIee MPENOYTUTENIbHBIE TapaMeTPhl Il MOJEIUPOBA-
Hus CB, Mbl uccienoBanu KOPpeNsLM0 Pa3InyHbIX MMapaMeTpoB ¢ HaOJIoae-
Mot ckopocthio CB (Tabauna 1). B menowm, jydiine Bcero ceds mokasblBaloT ma-
pameTtpsl 0y, L, |B/(Rs)|, a xyxe Bcero — P, uTo 70CTaTOYHO HEOKUIAAHHO, TAK
kak OP nexut B ocHoBe monenu WSA. Takum o6pa3oM, COrjlacHO HAIllUM BbI-
YHUCIIEHUSIM, OCHOBHYIO pojib B Mojenn WSA urpaer creneHpb yaaaéHHOCTH OC-
HOBaHHUM MarHUTHBIX TpyOok oT rpanunl KJI. Mel mpennaraeM aibTepHaTUBHOE
WSA cooTtHormienue, kotopoe He BkirodaeT B cedst OP (puc. 2):

0.00017(6.16 — 7.08 exp(—0.986,,))81¢
1068 :

()

V(L,6,) = 265 +

KoaddurmenTsl cootHomenus (2) Mbl ONpeAeIIsId, MUHUMU3NUPYS OTIIH-
YUl MEX]Ly MOJEIbHBIMU U HAOI0JaeMbIMU CKOpOCTAMU MeTonoM Hemnnepa —
Mupa. Takas xe mpoleaypa ONTHUMHU3ALMK NpUMeEHsachk U Uit mojenu WSA

(popmyma 1):

V(f,,0p) = 265 + (7.2 — 7.0 exp(—(8,/2.5)33))%3, (3)

(1 + ].!;)—0.04

He ucnonezys ®P, MOKHO AO0OUTHCA KOPpEISILUU C HAOMIOAEHUSIMHU JTyd-
mie, 4eM B paMmkax crangaptHoil mojenn WSA. DTo roBopUT O TOM, YTO CTe-
NEHb PACIIUPEHUS MArHUTHBIX TPYOOK, Cy/sl IO BCEMY, HE SBIISCTCS TJIaBHBIM
onpezaensomuM GakTopoM B MexaHu3Max ¢popmuposanus CB.

PaGora BhImoNHEHA TMpH YacTUYHOW mopanepxkke mpoekra 075-03-2022-
119/1.
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